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ABSTRACT

For a rotor system in which the hub/control design and blade OML were determined, the internal
structural shape of the blade was designed using the dynamic characteristic surrogate model to max-
imize the difference between the rotating natural frequency and the integral multiple of the rotational
operating frequency. Based on the general blade structure design procedure, an analysis procedure for
generating a dynamic characteristic surrogate model was established, and design variables were se-
lected to define the shapes of the internal components. To generate a dynamic characteristic surrogate
model, a space filling design method, a type of design of experiment, was applied to generate design
variable input values for database configuration. In this process, a range of design variables and con-
straint conditions suitable for blade design conditions were considered. Based on the analysis results
of the finite element 2D sectional properties for various shape input conditions, a 1D beam model
dynamic analysis was performed to build a rotation natural frequency database. Using this database,
a dynamic characteristic surrogate model for the blade structure design was generated. A regression
model and an artificial neural network model were used as surrogate models, and the Ist~ 4th
modes of the blade rotation natural frequency were predicted with the surrogate model and compared
with the actual analysis results. Additionally, the values of design variables that can satisfy the dy-
namic characteristic requirement were selected through probability analysis of the two dynamic char-
acteristic surrogate models, and the accuracy of the predicted values was also confirmed by compar-

ing the analysis results.

e Y —— Spar, : BElO|= JE o] hu] 2k Zo)(%)
Skin, : Eelol= 270 B3 4% Sply) Spar, : BHjel= b B3 AHF Fply)

T Corresponding Author; Member, Aeronautics Research Directorate in

Korea Acrospace Research Institute, Senior Researcher

E-mail : ktj@kari.re.kr A part of this paper was presented at the KSNVE 2021 Annual
*  Member, Acronautics Research Directorate in Korea Acrospace Autumn Conference

Research Institute, Senior Researcher Recommended by Editor Jong Seok Oh
**  Member, Jeonbuk National University, Professor The Korean Society for Noise and Vibration Engineering

H*

@

Trans. Korean Soc. Noise Vib. Eng., 32(2) : 141~150, 2022 | 141


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2022.32.2.141&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Taejoo Kim et al.;Blade Structure Design through Probability Analysis of Blade Dynamic Characteristic Surrogate Model

Rb . EH /\]&‘Eﬂ
Iy : —S‘H

R? : A
o, 1 AR

o,
Iy
2o
i
lc)
g

J
GBS ) 99 by e FYRAED B 9
[e) L=

S X7 o] ZHWHERY 13} B
2 93 mA A FrkFig 1). L 9 7+ R=9] 23
ool o= FHlo|lurt & AFS MAA Hrh
o] dFelME Hr/xF FAEFY BHolze
OML(outer mold line)o] AAHE EHo|=dA &
ol W S A AA wge 248 59
o= $5A4E dSste F 7 2ARES A
gatlon, 7 ZAIREC] SE $AE FE Ha
95.5%° &R TEA QRS W A W
TS AAEE FE A wES 71Esslth
2. 2 B

2.1 8ol Fx=MAH Mz T

EYols F2AA dals dwrde Sdol=
Z A7 AApeh s R o A, BEA)
T, 9 BAA 4, 546 2 RS
Mg B a7 E I o gl FETh. of
Aol M e 7|2AQ F2 A AAE nfgos &

o A

= = h

A A S A Edlo]=9 OML AR, &
EA ARE wolElt), Tl 4

S = =
IALRE d8sto] Eelol= Wi 5] e

Z

142 | Trans. Korean Soc. Noise Vib. Eng., 32(2) : 141~150, 2022

Lag Hinge
Pitch Bearing

Flap Hinge

Fig. 1 Rotor blade/hub system

WA & Qs AojH AA W4 AES A3}
agjar EYol= OML¥} 7t o jf- AdE A
A W84 AEES 7puko g Egol= Am ek vhdo
gk 9 PdE ARG o]F olE e A
HE Wgstn gdd M B3 9H 54 HRE
535t agla 5% i 54 ARE Ve
Ae)FE T X Z2a9s Tl ok B 554
BRE 53 o714 g BERE Fx A
Agstar, ANk bdofE S A4 g53
%, 5747 7 dlolE Hleo]~2 Fdsit) 1]
L BE A7 W AE dial siA dAE wpxE
7 o]y Ho|AE upgoR AR AL
ETEA 8T EE WS EYols A4S EET
o} o] AN AFAYEES L83 AA W Al
E A4 2 dgoy Hlo|xg &8et AR AL
IMPPE AME-819aL, Beol= v 4 A 2
QA o]A3lE Umbrella®, T EAXA 34 &
o 2 A KSec2DW, RE A 2HE /S
A 84S CAMRAD 1192 ARg3lgith zgja o]

-

At} Fig.2& B5A QTEE U Y=
TERAA SARES AAsH] 9 a4 Akt 7t
o
=

AN ALEE AZEdOE] 7% 2 AE

il



Taejoo Kim et al.;

Blade Structure Design through Probability Analysis of Blade Dynamic Characteristic Surrogate Model

Input Blade OML & Hub/Control Data
(Airfoil, Chord, Twist, Hinge Location etc.)

Frequency/Load Data
(Operating RPM Mode Frequency,
Section 6 way Load Data)

Section

Structure Analysis

Sawe Data
(Mass, Mode Frequency, MS)

Blade Section Margin of Safety Data
(Stress, Strain)

Create Blade Structure Design Input Data
(Skin/Spar Shape Data)

____________________ -
JMP I
Blade Section Shape Generation |
Finite Element Input Data Umbrella I
(Node, Element, Material Properties) :
Ksec2D I
Section Properties Analysis |
Section Properties Data CAMRAD I I
(Stiffness, E.A., T.C., C.G., Mass of Unit Length, I
Inertia Value ...) N I RN 1 |
| DAKOTA : |
Rotor System Dynamic/Load Analysis | — fOctave _ _ |
|
|
|
|
|
|
|

Create Dynamic Surrogate Model
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Table 1 Range of design variables

Design Section .
variable No. location(ry/ 2)) Min. Max.
1 0.303, 0.4, 0.5 1 5
2 0.6 1 5
. 3 0.7 1 4
Skin,
4 0.8 1 3
5 0.85 1 3
6 0.9, 095, 1 1 3
1 0.303, 0.4, 0.5 0 50
2 0.6 0 50
3 0.7 0 50
Spar;,
4 0.8 0 50
5 0.85 0 50
6 0.9, 095, 1 0 50
1 0.303, 0.4, 0.5 1 20
2 0.6 1 20
3 0.7 1 20
Spar,
4 0.8 1 18
5 0.85 1 15
6 0.9, 095, 1 1 15
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Table 2 Standard deviation of residuals for prediction
values - regression model

Regression
model

2
R O

1** mode 0.99054 0.0264

2" mode 0.96597 0.1624

3" mode 0.96128 0.1364

4™ mode 0.96709 0.0966
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Table 3 Standard deviation of residuals for prediction
values - ANN model

R2
ANN model g,
Training Validation

1* mode 0.99002 0.98375 0.0386

2" mode 0.97735 0.95651 0.1454

3" mode 0.96588 0.94913 0.1459

4™ mode 0.97446 0.96531 0.0848
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Table 4 Prediction design value

Design Section X
variable | N location(rs/Ry) Design value
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Skin,
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5 0.85 2
6 0.9, 0.95, 1 )
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